diaminopimelic acid residues. The latter type should be classified as a new type. These cell-wall skeletons and peptidoglycans were shown to have immunoadjuvant activity on the induction of delayed-type hypersensitivity and suppressive activity on the growth of 3-methylcholanthrene-induced fibrosarcoma in BALB/c mice, and the peptidoglycans were shown to be an immunological-active principle of these cell-wall skeletons.
It has been shown that the cell-wall skeletons of Mycobacterium bovis BCG (BCG-CWS) and No cardia rubra (N-CWS) have potent adjuvant and antitumor activities, and that the peptidoglycan moiety plays an important role in the develop ment of the adjuvant activity of these cell-wall skeletons (1) . Recently, the cell-wall fraction and cell-wall rich fraction of the facultative intracellular bacterium, Listeria monocytogenes, were shown to be capable of activation of peritoneal macrophages and to be adjuvants, mitogens and polyclonal activators which act on B-lymphocytes rather than T-lymphocytes (2-4). On the other hand, an anaerobic coryneform, Propionibacteriurn acnes, has potent adjuvant and antitumor activities in ex perimental systems (5-7). The cell-wall skeleton of P. acnes has potent ability to activate of macro phages and antitumor activity (8) .
It has been reported that the cell wall of L.
monocytogenes is mainly composed of polysaccha ride and peptidoglycan (9) and that the cell wall of P. acnes consists of a small amount of fatty acid, polysaccharide and peptidoglycan (10 P. acnes strain C7 was prepared as de scribed previously (10) .
Cell-Wall Skeletons-The cell wall of L. mono cytogenes was prepared by a method similar to that described earlier (8) . It was designated as the Listeria cell-wall skeleton (L-CWS).
The cell wall of P. acnes (P-CWS) was prepared from P.
acnes strain C7 cells as described previously (10 -retograms with the ninhydrin reagent (25) or the fluorescamine reagent (26) . Reducing substances were detected with the alkaline silver nitrate rea gent (27) , and N-acetylamino sugars as fluorescent spots by the method of Sharon and Seifter (28 Assays for Biological Activities-The adjuvant activity of cell-wall skeletons and peptidoglycans on the induction of delayed-type hypersensitivity to ABA-Tyr [N-acetyl-3-(4-arsonophenylazo)-Ltyrosine] was examined in guinea pigs by a method described earlier (31) . For the examination of suppressive activity of cell-wall skeletons and pep tidoglycans on Meth-A growth, a mixture of tumor cells (Meth-A, 2 x 105) and 100 jig of cell-wall skeleton or peptidoglycan suspended in PBS was inoculated intradermally in BALB/c mice. Four weeks later, the number of tumor-free mice was determined. Determination of Free Amino Groups and Free Carboxyl Groups of Peptidoglycans-After dinitro phenylation, about 45 % of diaminopimelic acid and 30 % of glucosamine of L-PG had disappeared, whereas about 50% of glycine and all glucosamine of P-PG had disappeared. This result indicated a Free amino groups of the samples were acetylated prior to acid hydrolysis . Effect of N-Acetylation of Peptidoglycans on Lysozyme Sensitivity-The intact L-PG and P-PG preparations were shown to be resistant to diges tion with lysozyme, whereas the N-acetylated prep arations were rapidly and completely digested (Fig.  1) . The results are consistent with the presence of unsubstituted glucosamine residues in both pep tidoglycans as indicated above. a column of Sephadex G-25 (2.5 x 80 cm) in 0.1 N acetic acid (Fig. 2) . In both cases, all of the hexosamine components were recovered in the first peak (tube Nos. 30-43). The analytical data indi cated that the material in the first peak mainly contained the glycan moiety of the peptidoglycan with a small amount of peptide portion (32) . Fractions 47-69, containing compounds with free amino groups, were pooled as the peptide fraction.
In the case of P-PG, fractions 47-60 and 61-69 were pooled as peptide fractions A and B, respec tively. Isolation of Peptide Fragments-The pooled peptide fraction for L-PG was concentrated and probably not extracted from the reaction mixture with water-saturated ethylacetate.
After the first step of Edman degradation, glutamic acid was recovered as a new N-terminus in both cases, and it was not found at the second step of Edman degradation.
On hydrazinolysis, no C-terminus of LP 1-1 was found, whereas alanine was recov ered as the C-terminus of LP 1-2. These results suggested that LP 1-1 and LP 1-2 were a tripeptide and a tetrapeptide (Fig. 4) . LP 2 and LP 3 con tained alanine, glutamic acid and diaminopimelic acid in an approximate ratio of 1.5 : 1 : 1. The free amino groups amounted to 1.5 mol per mol of glutamic acid.
By Edman degradation, alanine and glutamic acid were found to be the N-terminus and the next amino acid of both peptides.
However, no C-terminus was detected. The amount of amides was estimated from the amount of ammo nia on the amino acid analysis system.
Furthermore, it was confirmed by comparison of the mobilities of these peptides with those of the au thentic standards Ala-D-Glu-NH2 and Ala-D-Glu on thin-layer electrophoresis. From these results, LP 2 and LP 3 were concluded to be a heptapep tide and its amidated product, respectively (Fig. 4) .
By methods similar to those described above, it was found that PP 1-1 was a tripeptide; PP 1-2 a tetrapeptide; PP 2 a heptapeptide; PP 3 a having two N-termini (alanine and glycine); PP 4 a pentapeptide having glycine as the C-terminal amino acid, and PP 5 was glycine (Fig. 4) . Partial Acid Hydrolysis of Peptidoglycans and Isolation of Peptides from Hydrolysates-The pep tidoglycans of P. acnes and L. monocytogenes were partially hydrolyzed with 4 N HCl at 100°C for 1.5 h in sealed tubes. The hydrolysates were sub jected to two-dimensional thin-layer electropho resis and chromatography.
In Fig. 5 , typical nin hydrin or fluorescamine positive spots are shown. For analyses, each spot was detected by using dilute fluorescamine solution (0.001 %), extracted with 0.1 N NH,OH, and identified by determination of the composition and the N-terminal amino acid. The hydrolysate of P-PG contained several peptides and saccharides, namely Ala-Glu, Glu-A2pm, A2pm-Gly, A2pm-Ala, Ala-Glu-A2pm, GlcN-MurAla, and GlcN-Mur, besides free amino acids. However, monosaccharide glucosamine and mu ramic acid were hardly detected. In the case of L-PG, it was shown that the hydrolysate contained Ala-Gluc, Glu-A2pm, A2pm-Ala, Ala-Glu-A2pm, GlcN-Mur-Ala, GlcN-Mur, and a small amount of A2pm-Ala-A2pm (MAla 1.29, RA,a 0.13), besides free amino acids, glucosamine, and muramic acid. CWS plays an important role in the development of the adjuvant activity (1), but in both L. mono cytogenes and P. acnes, these peptidoglycans have not only immunoadjuvant activity, but also potent suppressive activity on tumor growth, as do the cell-wall skeletons.
The relationship between structure and biological activities of both cell-wall skeletons, espe cially the biological activity of lysozyme-resistant bacterial cell walls, are now being investigated in our laboratory.
Details of the biological activ ities will be reported elsewhere (Saiki, I., et al., Infect. Immun., submitted for publication).
